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Riassunto. Viene condotta un'indagine stratisrefica sui depositi
argillosi e sebbiosi affìoranti in Val di Pugna, nota località vicino a
Sìena (Toscana, Italia) che hr restituito in passato significatiri resti dì
mammiferì fossili. Lo scopo del lavoro è la datazione e l'interpre-
tazione dell'ambiente deposizion;rle clci sedimentì che corrensono r
resti dì vertebr;rti raccolti in questa localit:ì di cui è nota con precisionc
la provenìenza. Sono state studiate in dettaglio duc sez-ìoli .tr:rigru-
fiche, ubicate nei pressi degli abitati di Ruffolo e di Casc il Poegio, da
cui provengono rcsîi cli mammiferi sia marini che terrestri. L'analisi
biostratigrafìca integrata di foraminiferi planctonici e nannoplancton
calcareo ha permesso di riconoscere che ì clcpositi analizzatr abbrac-
ciano il limite delle Zone a foramìnjferi planctonici MPLI e MPL4,
corrispondente alla zona a nannofossili calcàrei a Reticulofenenra
p s eutlo unbilì c us (MNN 1 4- 1 5). Le caratteristiche sedimentologichc ed
il contenutci faunistico indic:rno un ambiente deposizionale marìno ìn
proeressir.o approfondimento con passiìssio da depositi dj shoreface
superiorc fino a depositi di lon-er shoreface-offshore. Le faun:r a vcrre-
brati considerata è rtppresent:ìra, tra im:rmmiferi marini, da un cetaceo
(Tusciziphius crhpus) e un sìrenide (.Metarytherium geroani) e, tra r
mammiferi continenrali, da un rjnoceronte (Stephanorhìnus jeanrtireti)
e un bovide (llephre /yrx). I restì di sircnidi sono probabilmente isoli
autoctoni perché I'ambiente cli sedimentazione è compatibile con il
loro habitat naturale. L'accumulo clegli altri reperti fossili vicn. invece
interpretato conle do\ruto al trasporto per ealleggiamento e;rlla suc-
cessiva deposizione sul îondo di parti scheletriche da crrcassc in
decomposiz-ione. L'inquadramento biostratigrafico clei siti di ritrova-
mento permette di precisare I'età deì reperti es:rminati. Di particolare
importanza risultano I'invecchìamento di Stephanorhinus jeaniircti
dalla zona MN16 alla zona MN14 e quello di Alephis lyrir dalla zont
MN15 alia zona MN1.l.
Abstract. The stratigraphv of clal'ey ;rnd sandy beds outcrop-
ping ìn Val di Pr-igna locality ncar Siena (Tuscan_v, Ital1.) celebrated for
the past finds of fossìl mammalian remains, js studicd here. The
rcsearch ìs eimed to clate and definc the depositional environnrent of
the sediments that yìelded fossil bones of knon-n provenance.
Two sequences h;rve been studied in detail; thel- are locatcd
near the h:Lmlets of Ruffolo and Case il Poggio, u.here both marine :rncl
iand mammal remains had been found. The jntesratcd biostratigraph-
ic anal,vsis of the planktonic forarninìfers and calcareous nannoplank-
ton indicates that thc deposits straddlc the transition from rhe Zone
MPL3 to MPL'+ of the planktonic foraminifer biostratigraphic scale,
x'hich is corrclatecl r-ith the Reticu/ot'enestra pseudournbilicus Zone
(MNN11-15 Zone) oÍ the calcareous nannopìankton scale.
The sedimentarv cheracters and the iaunal contenr are sugscs-
tive of a progressivelv deepenìnq nrrrine crr.ir,.nmenr, n-ith a rrxnsi-
tion fron upper shorcfece deposits to low.er shoreface-oftshore
deposits. The vertebr;rtes include a cetacean (.Tusciz-iphius uispus) and
a sirenid (Metaxl,terium gerîúisì) rmongst the rnarine mamm:rls, s.hìle
the lend manrnrals are rcpresented b1. a rhino (Stephartorbínus jean
u'iretì) and ebovrd (AÌephis lyrix). The sirenid remair.rs are likelv the
onlv autochthonous elements bec,ruse of their ecologic consi)renc)
rvith the depositional environment of the cmbedding sediments. The
other fossìl specimens are interpreted herc,rs parts of decal.ing and
floating carcasses that deposited thcir bones as thev drìired ru.rv,
infl.rrcd b.,l.c.rnpo,irion!,r'.e'.
The biostratigr.rphy of the sites permits to clate thc fossil
bones. Noteworth)- occllrrences are those of Stephanorbi n il s jeanl'treti
andAlephìs /1rn in levcls correlated r.ith Zone MN1,{, since they are
usu;rllv reported inZone MN16 and Zone MN15 asscmblages, respec-
tivell'.
Introduction.
Fossil marine mammals are relarively frequently
encountered in Pliocene sediments of Italy. Manv
important sites located in Tuscany, such as those of
Orciano Pisano, Volterra, and Siena hills, have yielded
wealthy amounts of their remains. In contrast ro màrine
vertebrates sites, Pliocene land màmmal localities are
very few and bones rhere were collected in prst times
without rigorous stratigraphic conrrol. Va1 di Pugna, in
the outskirts of Siena, is one of the few celebrated
sources of Pliocene invertebrate and vertebr.rre speci-
mens in Italy. It yielded both marine and land verrebrate
remains, which enjoyed the consideration of researchers
at least since the second half of the 19th century, the
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such as Dlscoaster asymn.etricus, D. tama/es. and Sphenolìthus spp. The
countjng rvas performed b1- scanning an area of 16 mm2
The biostratigr:rphic scìremes adopted here are those proposed
for the Meditcrranean f,rca bv Citr (1923, 1975) and emended by Rio
et al. (198,1) and Sprovierì (1992) for the planktonic loraminifers, and
that b1. Rio et al. (1990) for the calcareous nannofossils. The integrat-
ed biostratìgraphjc schemes of Figs.2 and 3 are based on those of
lìerggren et al. (1995), Rio et al. (1990), and Spror,ìeri (1993). The
magnetostratigraphìc polarìty time scale is after Candc & Kent (1995).
The u'ashing residues and the smear slides studied arc housed
in the Eerth Sciences Dep;rrtment of the Pisa University
Geological and stratigraphical setting.
Val di Pugna is located in the northwestern por-
tion of the Siena basin, the latter was formed by the
extensional processes that affected the whole Tyrrhenian
margin since the Late Tortonian (Elter et el. 1925; Mal-
inverno Ec Ryan 1986; P;rtacca et al. 1990). The basin is
filled with marine and continental sediments accumulat-
ed from the Latc Miocene to the Quaternary (Bossio et
aI. llVl). Pliocene deposits outcrop extensively in the
basin and reach a thickness of over 1000 m (Costantini
et a1. 1982; Gandin 8r Sandrelli 1992).They are mainly
represented by clays, clayey-sands (both indicated as
"Pa" on the Foglio 12a Siena; Signorini 1967) and sands
("Ps" on the same map), recording the Lower-Middle
Pliocene resumption of marine deposition in the area
(Gandin 1967,1982), following the Upper Miocene con-
tinental sedimentation (Bossio et al. 1993).
The sections analyzed are located about 4 km
southeast of Siena, in the outskirts of Val di Pugna, near
the hamlets of Case il Poggio and Ruffolo (sites 1 and 2
in Fig. 1). A detailed section of the sands outcropping
near the hamlet of Villa Cambi (site 3 in Fig. 1) is not
shown here because it is easily correlatable, with the
lower portion of Case i1 Poggio section. The lateral
stratigraphic relationship between the deposits of Case
| 
-{ Stratigraphic section trace lJl Vertebrate find sites $ Investigated area
most significant contributions being those by Capellini
(1822, :188s).
A detailed stràtigraphic analysis of two sections of
Val di Pugna, Case il Poggio, and Ruffolo, was the occa-
sion for a revision of the vertebrates from this area. The
present study is meant to define the strutieraphic posi-
tion of the Val di Pugna vertebrates and the deposition-
al environment of the fossil-bearing sediments.
Malerial and methods.
Thc nammal fossils ex:mined are housed in the Museurn of
the Accrdemia dei Fisìocritici di Siena and in the Museo di Storia Na-
turale, Sez-ione di Geologia e Paleontologia of thc University of F1o-
rence (IGF). Part of thesc fossiis u'erc collecteci in the nineteenth cen-
tury ancl others:in rnore recent tìmes from Pliocene sediments out-
cropping in the Vel di Pugna area, ,rbout ,1 km southeast of Siena (Fig.
1). In p.rrtìcular rhe prcscnt study focuses on the fossil specimens
from three sections located near Case il Poggio, Ruffolo, and Villa
Cambi (site 1,2,3, respectivell- in Fis. 1). Other rcnains, rcportcd
geographically from Val Pugna, but iìctu;1ll) r'ithout a more approprÌ-
ate sìratigraphic record, rvere discarded. Fiftv-eight samples, ts,ent)L
five from Ruffolo, tu,entv-three from Case il Poggio, ancl ten from
Villa Cambi, were collected for c,rlc,rreous plankton biostrrrtigraphl'.
The samples v'ere washed on a 63 p sieve for foraminifer analvsis. The
driecl residues were split jnto two fr:rctions and the fractjon over 125 p
was analyzcd. The prescrvation and abundance of the planktonic
for;rminifer assemblages u.ere quaìitativelv ;rnd semi-quantitatively
assessed (Fig. 2, 3).
The calcareous nannofossil assemblages rvere studied from.
"srnear slides" prepared following the standard procedure. Qualìtatir-e
and semiquantit;rtive anall'ses u'ere carried out to dctcrmine the
preservation and abr-rndancc of the nannofossil assembhges (Fig. 2, 3).
Quantitative methods hlve been adopted to investigate the occur-
rences of some index species (Backman & Shackleton 1983; Rio ct al.
r oo. . 
^,, 
...-:. ..:.. . I .-. 
- re obr.rincd br:
1 - Counting the index species relative to a fircd number of
taxonomicallv related forms. A counting of 100 reticulofenestrids >4
microns u.:Ls performed to evaluate the abundance ol Reticulofènestra
pseudoumbi/icus;
2 - Counting the index species per unit area of the slìdes. This
method was applied to assess thc abundrnce of r,rre or verv rxre taxf,,
LEGEND
Quaternary. fluvial
oeposrts
Terraced deposits
Lower Pliocene
sanos
Lower Pliocene
clayand sandyclay
Upper Miocene' clay
Il Poggio and Ruffolo are established on the same basis.
The Case il Poggio sedimentary succession (Fig. 2) is
about 36 m thick, lies directly on top of the Upper
Messinian brackish clays and displays a generally fining-
upwards tendency.
The 22 m thick basal section, which corresponds
to Capellini's (1885) "Fangonero" section, is represented
by massive bioturbated fine-grained yellow sands. Fos-
siliferous beds are present and yield Peliciora g;gas and
PdnoPed glicimeris specimens still preserved in life posi-
tion. Tèredolites traces were found in tree remains. Five
lenticular (few cm-thick) intercalations of feldspar
litharenites occur some 9 m from the base of the out-
cropping section. They are formed by shale slabs, fossil-
iferous mudstone-wackestone, low-grade metamorphic
rocks and chert. Mudstone-wacke stone lithoclasts
derive from lo*er Prleogene unit.. rs :ìtresred by rhe
presence of Acarinina bwllbrooki and Planorotalites sp..
Angular fragments of quartz are also abundant and are
associated with different amounts of feldspar. Centimet-
ric well-rounded clay chips are frequent in the basal part
of the section. Clast-supported polygenic conglorner-
ates, few tens of cm thick, are also present. They are
characterised by an erosive base and displal- l rnerric
lenticular geometry. Embrication is common. Frorn a
compositional point of view, the conglomerate elements
include light-grey and grel-green mudstone and wack-
stone containing early Tertiary planctonic foraminifers,
silicified fine to medium-grained bioclastic packstone,
chert, polycrystalline quarrz, low-grade methamorphic
rocks, and subordinate micaceous dark grey siltstones to
fine grained sandstones. Granules and pebbles, scattered
within sand matrix, have been observed up to 16.5 m
from the bottom of rhe section.
This basal inter-val is characterised by scanty and
poorly diversified microfossil assemblages, rnainly rep-
resented by shallow-water benthonic foraminifers,
among which Ammonìa beccarii and Elpbidium crispum,
represented by large specimens, are the dominant taxa.
Autochthonous planktonic forarninifers are absent or
very rare (Plankton/Benthos ratio: P/P+B"100:O-
0.S) (Fig. 2). The same faunal assemblage and lithos-
tratigraphic features characterise the sands outcropping
on the other side of the valley, at Villa Cambi. This fau-
nal association is suggestive of the shallower prrt of an
inner neritic environment (bathymetric zonarion after
Wright 1978). From 22 to 24.5 m from the bottom there
is a gradual transition to grey clayey-silty sands. Grain
size further decreases from 24.5 m to the top of the sec-
tion. This upper interval consists of massive, intensely
bioturbated grey silty clay. The ts.'o latter intervals
record a gradual increase in the abundance of
foraminifers. The diversification of the benthonic
assemblages increases upwards, with a progressive
replacement of littoral taxa by deep-water marine
dwellers. A consistently increasing percentage of plank-
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tonic forams is also observed. In particular samples from
the cla1.ey-silty sand interval (BMS 84 and BMS 3'l in
Fig. 2) show a slightly more diversified benthic associa-
tion in respect to the underlying interval. Benthic
assemblages are characterised by abundant littoral taxa
(Amntonìa beccarii, Florilus boueanum, Elphidium com-
planatum, E. aculeatum, Cribroelpbidium decipiens, Ros-
alina globularis, Asterigerinata planorbis, Cibicides lobat-
u/us, Planorbulina mediterranensis'), along with rare
specimens of deeper dwelling benthic taxa (Bigenerina
norlosaria, Dorothia gibbosa, Sphaeroidina bulloides,
CibicitJoides pseudoungerianus, Cassidulìna neocarinata,
M elonis soldanii, Pullenia bulloicles, [Jaigerina peregrina,
Sigmoilopsis celata, Siphonina planoconvexa). The
P/P+B'3100 ratio ranges from 1 to 10 and from the sam-
ple BMS34 upwards in the sequence reworked plankton-
ic taxa have no longer been encountered. The inner ner-
itic environment suggested by these samples is deeper
than that documented in the underlying interval.
Relatively rich and diversified be nthonic
forarniniferal assemblages vere found in the samples
collected from the silty-clay interval (BMS35 to BMS38
in Fig. 2). Cassidulina neocarirtata, Cassidulinoides sp.,
Sphaeroidina bulloìdes, Bìgenerina nodosaria, Dorothia
gib b o s a, Te xt ular i a spp., Valz, u I in er i a bra dy ana, L enti c ul i -
na spp., Hanzawaya boueana, Pullenia bulloides, tJ'uige-
rina peregrina, Cibicidoides pseudowngerìanus, C. ungeri-
anus, Melonis soldanii, M. padanum, Gyroidinoides
neosoldanii, Oridorsalis umbonatus, Praeglobobulimìna
ovata, Bulìmina spp., Boli'"-ina spp., Àlodosaria spp.,
Marginulina costata, and Sigmoìlopsìs celata are common.
The planktonic foraminifer content shows a further
increase in this inten'al (10<P/P+B"100<25). These
data are indicative of the shallower portion of an outer
neritic environment.
The basal portion of Case il Poggio section is
interpreted as a shallow-marine upper-shoreface deposit.
The presence ol Panopea glicimeris in life position is
consistentll' suggestive of a subtidal environment. Con-
glomerate supplies and abundant plant remains are also
consistent with a fairly close fluvio-deltaic environ-
ment. In the middle and upper part of the section, the
characteristics of the lithofacies and the faunal content
indicate a general deepening of the depositionai environ-
ment to a lower shoreface-offshore zone.
Ruffolo section (Fig. 3) displays an overall thick-
ness of about 25 meters. It is formed by a monotonous,
intensely bioturbated massive grey silty clay with rare
flat centimetric intercalations of sandy clay. The abun-
dant foraminiferal content shows some differences
between the lower and the upper portion of the section.
The benthic foraminifer assemblages from the lower
portion (samples BMS 39 to BMS 51 in Fig. 3) are main-
ly represented by typical inner neritic taxa (Florilus
boueanum, Ammonia sp., Cibicides lobatulus, C. reful-
gens, Cancris auriculus, Elphidium sp., E. complanatum,
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Quinqueloculina sp., Triloculina Sp., Planorbulina
m e dit erran e n s i s, Asteri ger in ata p lan orb i s, Ro s a lina gl o b u -
laris, and Reussella spìnulosa) associated with lare speci-
mens of several deeper dn'el1ing taxa (Dorotbia gibbosa,
B igenerina nodosaria, Lentìcwlina spp., Melonis padanum,
M. soldaniì, Cassidulina neocarinata, Spbaeroidina bul-
loides, Cibicidoìdes ungerianus, C. pseudoungerianus,
(J v igerin a p er egrin a, P ullen i a b uÌl o i de s, S i gm o i lop s i s c e la -
ta, Planulina ariminensis, Marginwlina costdttl,, Boliaina
spp., and Bwlìmina spp.). Planktonic forams range from
5ul' to 1.Ao/". Upward in the section benthonic taxa typi-
cal of deeper settings increase in abundance gradually
replacing taxa typical of shallower depths. The plank-
tonic foraminiferal content increases consistently
(10<P/P+B'r1OO<30). Foraminiferal assemblages from
the upper portion of the Ruffolo section are very similar
ro rhose of Lhe upper part tsiltv-clay intervalr of the
Case il Poggio scction.
These data suggest a shift of the depositional envi-
ronment from an inner neritic zone (lower portion of
the section) to the shallower portion of an outer neritic
zone (upper part of the section). The characters of the
lithofacies and of the faunal assemblage permit to refer
the Ruffolo deposits to a lower shoreface-offshore accu-
mulation area.
Biostratigraphy.
An integrated biostratigraphic studl', based on
plankton foraminifers and calcareous nannofossils, was
performed. The distribution of the calcareous plankton
taxa of Case il Poggio and Ruffolo is plotted in Fig. 2
and 3, respectively. The main taxa of planktonic
foraminifers and calcareous nannofossils are shown in
Pl. 1 and 2.
The biostratigraphy of the sections studied here is
the following:
' Ruffolo section. - The planktor-ric foraminiferal
assemblages are characterized by the co-occurrence of
Globorotaliapuncticulata (P1. 1: figs. 3a-c) and Globoro-
talia margarìtae (Pl. 1: figs. 1a-c) in the lower portion of
the section. Globorotalia margaritae disappears abruptly
between the samples BMS 50 and BMS 51, while
Globorotalia puncticulata is constantly present to the
top of the section (Fig. 3). The calcareous nannofossils
assemblages are characterizedby the presence of Retic-
wlofenestra pseudoumbilicus, Pseudoemiliana lacwnosa,
smaIl Gephyrocapsa specimens, and scattered specimens
of Discoaster asymmetricus and Discoaster tamalis (P1.2:
figs. 6, 7-8, 4-5b, 2, 1). The accumulated information
suggests that the deposition of the Ruffolo section
occurred in a short time lapse (not exceeding 300 kyr.)
confined between the upper portion of the MPL3 Zone
and the basal part of the MPL4 Zone, corresponding to
the Reticulofenestra psewdowmbilica Zone (MNN 14-15
Zone in Fig. 3).
Case il Poggio section. - The planktonic forarninifer-
al record from the sandy lower portion of the scquence is
extremely poor and affected by Paleocene-Eeocene and
Cretaceous reworked taxa. Nevertheless, Globorotalia
puncticulata and Globorotalia margaritae (PI. 1: figs. 2a-
c) are occasionally recorded. The deposit is therefore
assigned to the MPL3 concurrent rangeZone. The silty-
clayey upper portion of the section is characterizedloy
the presence of Globorotalia puncticulata (Pl. l: figs. 4a-
c) and the absence of GloborotaLia margaritae. This
interval was thus deposited in the MPL4a Subzone.
The calcareous nannofossil association consists
only of Paleogene and Cretaceous reworked taxa in the
lower sandy portion of the sequence. Samples frorn the
silty clayey upper portion of the sequence display the
same associations observed in the Ruffolo section and
are therefore assigned to the Reticulofenestra pseudoum-
bilica Zone (MNN 14-15 Zone).
The integrated nannofossils and planktonic
foraminifer data from the Case i1 Poggio section are
therefore suggestive of an age of deposition ranging
from tl-re MPL3 Zone to the lower portion of the MPL4a
Subzone (Fig. Z).
PLATE 1 (planktonic loraminifers)
Fig. 1 - Globorotalia n'targaritae Bolli E: tsermudez, 1965. Ruffolo scction, samplc BMS4S. a: spiral vicn'; b: side vieu'; c: umbilical view.
Fig. 2 - Globorotalia margarítae Bolli & Bernud ez, 1.')65. Case ìl Poggìo section, sarnple BM53O. a: spiral view; b: side vierv; c: urnbilical
r.iew
Fig. I - Cloborotalia puttcticulata (Deshayes, 1832). Ruffolo sectìon, sample BMS'f5. a: spiral viewi b: side viex'; c: umbilicaì vier''
Fig. 1 - Globorotalia puncticulara (Deshaves, 1832). Cesc il Poggio section, sample BMS32. a: spiral vier'; b: sidc vicn'; c: umbilical view.
Fig.5 - Globigerinoides elctngatus (d'Orbignr,', 1826). Case il Poggio section, sample BlvlS38. a: spiral r-ier'; b: umbilical viev'.
Fig. 6 - GLobigerinoides ruber (d'Orbigny, 1839). Ruffolo section, sanple BMS61. a: spiral view; b: umbilical view
Frg. 7 - Gk:bigerittoides extremus Bolli &Bermucl ez, 1965. Ruffolo section, sample BMS53. Umbilical vien-
F-ig. 8 - Globigerina bulloides d'Orbignl', 1826. Ruffolo section, sample BMS52. UmbilicaÌ vicn-.
Fig. 9 - Zedgktbigerirta dperturd (Cushnran, 1918). Ruffoio section, sarlple BMS'{5. a: spiral view; b: side vier'; c: umbilical vierv.
Fig. 1O - Zeaglobigerína -oooll (Jenkins, 1960). Case il Poggio section, sample BMS3Z. a: side vieu'; b: umbilìc,rl vierv
Fig. 11 , Zeagletbigerina decoraperta (Taka1-anagì & Saito, 1962). Ruffolo section, sample BMS49. a: sìde liew; b: umbilical vjen-.
Fig. 12 - Neogloboquadrina acostdensis (Blou,, 1959). Ruifolo section, sample BMS61. :r: side r.icw; b: umbilical r-ier'.
(Scaìe bars: 100 pm)
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PLATII 2 (crlcarcous n:rn;roiossils)
Fig. 1 - Discoasler tamalis Knl'.ptncr (.1967). case il P0ggio section, semple BMS36.
Fig.2 - Discoaster ts1'mnetricus G:rrtner (1969). Ruffolo section' srnple BI{S11.
f;g.3 Cdlcidíscus nacintl,rei (Bukr1'& Br:rnrictte, 1969) Loeblich tt Tappan (1978). Ruffolo sectiorr, sempìe B\tlS'{3
Fìg.a - sntll Cephyrocz2vr (Rio, 1982). Ruffolo section, s:rnrplc BX'{S'+3'
Fie.5 - Il.eticulophertcslz sp. (tr). srr:rll Gcphvrocapsr (b). Cese iì Poggio section, sample BN{53'1.
Fig.6 - Retic.ttlofcrtesttd pse udoumbilìcrz.s (Cartner, 196/) Grrtncr (1969). Ruffolo scction, sarnpie BNIIS'11.
Fig. Z - Pseutloertilidnit \acuttostt (Kamptner. 1963) Gartner (1969). Ruffoio scction, sample BN{S'11
Fig.8 - [tseut]oentilìanid LdcLtLoslL (Knptncr, 1963) Grrtner (1969). Cesc il Poggio sectiorl, sample BM536.
Fig 9 - Helicosphrcra se11lr Bukn'& Bramlette (1969). Casc il Poggìo sectiotr' semple BXtlS32.
Fig. 1O - Sphotolirbus sp. Deflanclre irr crassé (1952). Ruf1olo section, sample BMS4o.
Fig. 1 1 - Porttosphaera rnultipora (Kemptner, 1943) Roth (19lO). Case i1 Poggio sectjon, sinlple Bl''1531.
Fig. 12 - Cerdtolithus..ristntus Krmptner (1950). Ruffolo sectjon, s;Inplc BÌVIS.17.
(All spccìrncns x 2150)
Earl, Pliocene Mammal Assemblage
Fig. I Tuscìz,iphius cn.gzs Birnucci, 1997, holotl.pc, F;r;rgoncro, Val di
r.ìer'(ICF 1526V). Scalc bar: 1O crn.
Marine mammals.
Bones of one ceracc:1n individual (Fig.1, site 1)
and of two sircni:rns (Fig.1, sites 1 and 2) reprcsent the
only ascertained marinc mammal finds frorn Val di
Pugna. Despite their small number, thc specimens are
significant and rcpresent;.rtive; rwo of thern are holo-
tyPes.
The cetacean fossil t'as recovercd in the sands of
Case ii Poggio section (Fig. 1, site 1). The specrmen con-
sists of an incorr-iplete skr.rll (IGF 1594V), a fragmental
hyoid (IGF 1534V), somc incomplete vertebrae and ribs
(rGF 1s36V IGF 1s3ZV rcF 1s69V icF 1s7OV IGF
1572Y). Tlrc fossil was originally dcscribed and assisned
to Cboneziphius planirostris by Capellini (1885) becruse
of the presr-rmed :rffinities to a ziphiid from thc Miocene
sedirnents of Antr,'erp (Belgium). Recently Birnucci
(.1997) described this find as the holotype ol Tus-
ciziphius crispus. The skull of Tusciziphizs (Fig. ,{) shou,s
close af{initìes to rhc skulls of the present-dav Ziphius,
M esoplodon and Hyperoodon.
The trvo sirenian specimens arc referrcd to the
extinct dugoneid genus Metaxytherium (Fig. 5). The
most ancient find is :r fragmentary skull and mandible
found in 1863 in rhe same stratigraphic levcl thrt 1-icld-
ed the cetacean ren-rains (Fig. 1, site 1). This spccrmen,
now housed in the Museo dell'Accademia dei Fisiocriti-
ci at Siena (number catalogr.re 496), was described by
Capellini (1872) as the holotvpe of Felsinotherium
(:Metaxytheriunil ger.ttaìsi. Capellini :r1so clain-red that
some ribs were successivelr- recovered in the same local-
ity where the holotvpe oî M. ger-aaisi had been found; he
consequently attributcd the new finds to the san'rc indi-
vidu;rl. The current location of the ribs in the Museum
is now unknown and thel' thus could nor bc examincd.
TfI he se concl srgnrtrcant strenlan specimen (IGF
1374799) is :r complete skull found in the 1969 at Ruf-
+33
Puena (province of Sien:r, Tuscenr'). Shull lacking of rostrum in dors:rl
folo (Fig. 1, site 2). This fossilwas dcscribed in detril b1-
C:rnocchi (1987) and referred to rhe same species as thc
Case il Poggio find. The skull from Ruffolo provided
ner,'information on the distinctive characters o[ M. ger-
't:aisi, a species that according to Canocchi (1982) is
nrorphologically internediate between M. serresì and M.
subapenninum (:U. forestii : M. gastaldil) from the
Pliocene of the Mediterrane:rn Basin.
Land Mammals.
The fauna examir-ied was recovered in sites 1 and 3
of Fig. 1, and was previously studied by Capellini (1822,
1885) and b). Cuscani Politi (1963, 1977, 1979). Thc
results of the present revision, l-rou,ever, delineate a
tr+nlal
i
',"'.*.,,',r,,,..
lletaxltheriunt gerualsi (Capcllìni, 1872). holotvpc, Fen-
eonero, VaL di I'ugna (pror,ince of Siena, Tuscany). Incom-
plcte skull and mendiblc in later;rl vìeu' (ìV{AFS, not cat;l-
loeucd) (aftcr Capellini, 1872, pl. Z). Scale bar : 1O cm.
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slightly different picture.
One of the most outstanding Pliocene taxa from
the V;rl di Pugna aree is a large-sized rhinoceros, identi-
fied as Rbinoceros megarbinus or R. leptorhinus by
Capellini (1822, 1885) and as Rhinoceros megarhinus bv
Cuscani Politi (1963, 1977),6v which ìs actually refer-
able to Stephanorbinus jeantireti in the writer's (PM)
opinion. The species is represented bv se.,eral speci-
mens, but the attribution to 5. jeanvireti is mainly based
on r m.rndible rPI. 3. fig. 2t. p.rn of the blrde of e right
scapula, and a right radius, which were recovered in the
same sand bed of Case il Poggio section that provided
also cetacean and sirenian remains (Capellini 1885) (Fìg.
i, site 1). The mandible includes both horizontal rami,
although ir.rgnrent.rry, rnd Lhe symphysi.. The right
ramus still retains its P2- P4 ronr and part of the right
M1. The tu'o rami are long, depressed and slender, with
a straight ventral profile, n'hich lifts up abruptly .rt the
svn-rphysis. The latter is also slender and shows tu'o f:.rir-
l;- wide alvcoli for the second incisors, the right one of
which is still retained in form of gem. The cheek teeth
:rre br:rchyodont with a hardly marked cingulum on the
buccal side of the premolars and on the lingual side of
P3. The preserved portion of M1 bears no cingulum. The
cnamel is smooth :r11 over; cementum is absent. Com-
pared with the known mandibles of S. megarhinus, the
horizontal rami of the Val di Pugna specimen are less
nrar:ir e dorso-r'entrllly. Moreor er. thc inci*ive corpu5
bears on11. two anterior alveoli instead of the four nor-
mally present on the mcgarhinus mandibles. These char-
acters are all suggestive o{ S. jeanvireti.The size and pro-
portions of the cheek teeth (Tab. 1) also fall in the range
of r rriabilitv of S. ieanr ireti. The fragrnentrry righr
scapula blade still bears attached to it part of the embed-
ding sediment, a yellow bivaÌve-bearing sand. The
supraspinous fossa is broad ar-rd deep ,rnd the rvall of the
blade is thin. The infraspinous fossa is broad as well, but
quite deeper and the bone wall is much thicker. The
spine rnargin is bent caudalwards to some extent. The
radius is only represented by its distal half (meesures in
Tab. t). The distal epiphysis is somewhat more com-
pressed dorso-palmarly and enlarged latero-medially
conrpared to S. megarbinus, and has also a deeper trough
for the radial exter-rsor.
Another interesting Pliocene faunal componentf-^-.1^ \/.1 .l: D..^-1 area is a large_sized bovid. It isv dr ul r u51r.
represented by a partial skull (P1. 3, fig. 1), the frag-
ments of two isolated third lor.er molars, a right and a
left one, a thoracic vertebra. the corpus of perhaps
another thoracic vertebra, and the diaphysis of a left
fen-rur (measures of some of these specimens are in Tab.
1). The most outstanding specimen, found at Villa
Cambi (Fig. 1, site 3), is the sku1l, originally described
by Cuscani Politi (1979). The specin-ren lacks the rostral
part of the rrruzz-le lthe frrcturc pas.cd throuqh the Ml-
M2 commissure, both right and left M2 and M3 being
retained;, the entire nasal bones and the occiput. The
basal half of both horncores is still preserved. The latter
are fairlv straight in sagittal view, bend gentl)r backwards
in lateral vieq have :r triangular cross-section, show two
markcd ridges. an antero-inner and a poster-external
one, and form an angle of about 80"-85o from one anoth-
er. Thev are implanted to the skull farther back from the
orbits than they generally are in antelopes. The skuli has
a fairly broad forehead. The molars are hvpsodont with
prominent styles, espe cial11' thg parastyle and metastyle,
protruding paracone ribs and comparatively less devel-
oped metacone ribs, and robust and pointed entostyles.
Cuscani Politi (1929) referred this specimen to Parabos
booclon. Gromolard & Guérin (1980) revised the species
Parabos cordieri and Gromolard (1980) revisited the
Pliocene large-size bovid material of Europe, originalll'
attributed to Parabos. Gromolard (1980) elected P
cordieri type-species of the genus, attributed the Rous-
sillon (France) large-sized bovid to the new genus and
new species Alepbis lyrix, bu was undecided as to tl-re
generical attribution of the scantl. boodon material from
Alcoy (Spain), concluding that it can be provisionally
accommodated into the open gents ?Paraóos, waiting
for the possible discover,v of neu' specimens that can
hopefully clear the systematic position of this bovid.
?Parabos boodon is larger and more robust than Alephis
lyrix, which in turn is larger than Parabos cordieri. The
skull from Val di Pugna recalls Alepbis lyrix in its mor-
phologic traits, but is much smaller. All the bovid mate-
rial from Val di Pugna is indicative of an animal interme-
diate in size between P cordieri and Alepbis lyrix.
These large-sized Pliocene bovids are still imper-
fectly known. The relatively small size of the Val di
Pugna A. lyrix bovid might be cither the result of an
adaptation to local circumstances or due to dimorphism
or even to subspecific difference.
Discussion and conclusion.
The fortunate co-existence of continental and
marine vertebrate remains in marine sediments enables
to reliably determine the biostratigraphical position of
the finds and to reconstruct the depositional environ-
ment in the tno sections analysed here.
Gandin (1967,1982) referred the sediments of the
north-western part of the Siena basin, which include the
two studied sections, to the Globorotalia puncticwlata
zone of Iaccarino (1963). This zone is defined bv the
range of distribution of the index marker. It approxi-
mately embraces Spaak's (1983) Globorotalia puncticula-
talGloborotalia margaritae zone and Globorotalia
punctìculata zone (MPL3 Zone and MPL4a Subzone of
Crta, 1975, emended), rvhich is the zonal scheme adopt-
ed here (Figs.2 and 3;. The integrated analysis of the
olanktonic foraminifers and calcareous nannofossils
Pl. 3 Early Pliocene Mammal Assemblage
PLATF. 3 (land mammals)
- A/epl:is I'rir sku/l: a: anterior lien-; b: leit làtcr:1Ì l,ig1.; c: right M2l and ì\,1/3, occlusal r.icr'; a ancl b 1/'{ nat. size; c l/2 nat. srze.
- Stepbanorbinus jearti;ireti, marrdible: a: right latcral vier'; b: particLrlar of the rìght cheek toohrorv; c: occiusal r.ìen.; a and c: 1/4 nat
size; b: 1/2 nat. size.
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Ste D h a norh i n u s ie anv i re ti
Mandible 4747 Qa7\
Pt2
P/3
Pt4
M/1
length
31,24
38,8
42
44,6
breadlh
19,58
26,4
29.56
Atlas 47 5647 59 (27 7 -27 9\
height of cranial articular surface
58
Radius 4754 (276)
distal breadth distal depth
100 53.7
Caput femoris 4735 (281)
anterc-postedordiameter laterc-medialdiameter
s7.7 96.9
Alephis lvix
Skull 7136
M2l
length
30
breadth
2A
29
Ml3 (uncatalogued) 36,8? 16,66
Thoracic vertebra (uncatalogued)
length of the corpus breadth of the corpus
72,31 62,42
height of the corpus
50.77
Trb. t - Measurements of the Val di Puena land mammal rem:rins
(;n mm).
suggests that the two sections include that part of the
plaktonic foraminiferal MPL3 Zone and MPL'1a Sub-
zone which is comprised in the calcareous nannoPlank-
ton Reticulofenestra peseudowmbilicus Zone. The sandy
segment of Case il Poggio section is referable to the
MPL3 Zone Îor the occurrence, albeit sporad;c' of the
two zone markers. The absence of biostratigraphically
significant nannofossils prevents further detailed deter-
mination of the age of the section. Nonetheless, field
observations suggest that the sands of this segment rep-
resent only the upper part of the MPL3 Zone, since they
pass laterally into the clays of the lower part of the Ruf-
folo section, which can be confidently attributed to the
uppermost part of this biozone.
The two sections record an upward deepening
trend with the transition from an upper shoreface (lower
portion of the Case i1 Poggio section) to a lower
shoreface-offshore deposition:rl environment. The flu-
vio-dbltaic activity recorded in the lower Portion of the
Case il Poggio section is consistent with the presence of
fairly abundant continental vertebrate remains. The lack
of evidence of transport on the land mammal bones can
possibly suggest that the latter derived from rottinq car-
casses floating and dispersing their elements alongshore.
The same probably applies to the ziphiid remains. They
too show no evidence of transport; they thus likely
derived from a carcass drifting from the bathval zone,
the typical environment of this taxon, to the near-coast
environment after death. The presence of pelagic bathyal
cetaceans in neritic-littora1 beds is not unusual (Bianuc-
ci 1996; Bianucci et al. 1998), beaked whale remains
being occasionally found even in fluvial deposits (Mead
1975). On the other hand, the shoreface to shoreface-
offshore transition recorded in the Ruffolo and Case il
Poggio sections is consistent with the probable life habi-
tat of the sirenids, which therefore likely represent the
only autochthonous mammalian remains in the Val di
Pugna area.
The biostratigraphic framework (Fig. 2) PromPts
a more accurate dating of Tuscizipbizs (MPL3 Zone, not
younger than 3.9 Ma) . Its absence in the most recent
marine sediments of the Mediterranean Basin could be
interpreted with the 3-3.2 MA climatic deterioration
(Raffi sc Monegatti 1986), aithough such a conclusion is
still speculative, given the raritv of significant ziphiid
fossils.
The Metaxytherium bones from Ruffolo quarrv
described by Canocchi (1987) were collected from a bed
referable to the base of MPL4a planktonic foraminiferal
Subzone (Fig. 3), very close to the MPL3/MPL4 zonal
boundary. The Metaxytherìum remains described by
Capellini (1872) are assigned to the MPL3 planktonic
foraminiferal.Zone and, tentativelv, to the upper part of
this zone (Fig. 2). The stratigraphic correlation of the
two sections analysed stresses the slight age difference
separating the Metaxytberium-bearing beds of the Case
il Poggio section from those of the Ruffolo section.
The biostratigraphic setting of Metaxytberium ger-
vaisi confirms the stratigraphic succession of the
Medir-erranean Pliocene MeLaxythcriun repretentatives
suggested by Canocchi (1987). The earliest Pliocene.M.
serresii from France and Libya (Domning Er Thomas
1982) is a small-sized species that dispersed again in the
Mediterranean soon after the Messinian salinity crisis
(Barnes et al. 1985). M. gen,aisi, an aPparently more
advanced species that M. serresii, can be dated to:rbout
3.9-4 MA on the basis of the new biostratigraphical
information presented here. M. subabbenninicum (: 74.
forestii : M, gastaldli) is a large-sized species that char-
acterizes the Upper Pliocene sands from peri-Adriatic
rreas (Crnocchi 19871.
The occurrence of Alephis lyrix remains in sedi-
ments straddling the MPL3-MPL4 transition has very
significant stratigraphical implications, in that it
resumes, and possibly contributes to solve, a still open
biochronologic question. A. lyrix is the typical bovid
from Perpignan, in the Roussillon area. Mein (1990)'
and later De Bruijn et al. (tvOZ\, attributed the Perpig-
nan site to the MN15 zone (Late Ruscinian), on the
basis of tnicromammal evidence; an opinion shared also
by Azanz:r et al. 1t9sl7,but on the basis of the results of
a multivariate approach. The MN15 zone embraces a
large part of the MPL4 zone and the MPL4-MPL5 tran-
sition of the planktonic foran-riniferal zonation (Fig. z).
Bachelet (1990), however, and later on also Aguilar er a/.
(1991), again on micromammalian grounds, disagreed
with Mein (1990), correlating Perpignan with the MN
1.4 zone (Early Ruscinian). The possibility that the Val di
Pugna A. lyrix might corroborate this latter interpreta-
tion, with the additional support of micropaleontologi-
cal evidence, cannot be thoroughly ruled out, although
several other alternative explanations can be put forth,
one of which being that the Val di PugnaA. lyrix ìs a
more primitive represenrative than that frorn Perpignan.
The presence of Stephanorhinus jeanvireti remains
in deposits correlated with the MPL3-MPL4 transition,
and therefore several hundred thousands of years before
the ascertained time of occurrence of the species, n-hich
was hitherto known to be confined to the Loner Vil-
lafranchian (MN16) communities (Guérin 1972, i 98A),
is instead an absolute noveltl'. Nonetheless , S. jeanr.tireti
is still an imperfectly known species, as are all the Errly
Pliocene European representatives of these perisso-
dactyls.
The lines of evidence presenred here have there-
Ear[1, Pliocene Mammal Assemblage 137
fore shown that, despite their scantiness, the Val di
Pugna land mammal finds contribute essential informa-
tion for a sounder knowledge of the Earlv Pliocene
mammalian faunas of Europe.
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